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IMPROVE D KNITTING MACHINES AND METHODS OF KNITTING 

This invention relates to improved knitting machines and methods of knitting. 

The present invention is principally concerned with - but is not limited to - 
flat bed knitting machines. In order to explain fully certain disadvantages which are 
associated with prior art flat bed knitting machines, and to aid in the explanation of the 
advantageous features provided by the present invention, it is helpful to briefly review 
some of the salient features of prior art flat bed knitting machines. 

Important aspects of prior art flat bed knitting machines include the needles 
employed, the needle bed, knitting cams, and yarn feeding devices. 

■ 

Probably the most important form of knitting needle in the context of flat bed 
knitting is the latch needle. The latch needle has the advantage of being self acting or loop 
controlled. For this reason, it is the most widely used knitting needle in weft knitting and 
is sometimes termed the automatic needle. Precisely manufactured latch needles are today 
knitting fabrics of high quality at very high speeds. 

Figure 1 depicts a latch needle 10, which has the following important parts: 
a hook 12 which draws and retains the knitting loop; a latch 14; a rivet or axle 16 of the 
latch needle 10; a stem 18 which carries the knitted loop in the clearing or rest position; 
and a butt 20 which enables the movement of the needle 10 by utilising cams. 

In order to form a new knitted loop the needle has to be reciprocated between 
two fixed points, ie, between two dead centres. During a forward movement of the needle 
the knitted loop, which was formed earlier, is cleared from the hook because the knitted 
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loop slides down inside the hook and hits the latch; this will result in the opening of the 
needle hook (due to the anti-clockwise rotation of the latch). Further movement of the 
needle causes the knitted loop to slide off the latch and then down on to the stem. This is 
the final position of the forward movement of the needle, known in the knitting technology 
art as the clearing position or clearing height of a needle. 

During the backward movement of the needle the hook is closed 
automatically because the knitted loop which was on the stem slides forwards, contacting 
and pivoting the latch tightly closed. Before this occurs a new yarn has to be laid across 
the hook. As the latch needle continues with its downward motion the newly supplied yarn 
is drawn through the knitted loop. Latch needles thus knit automatically, and the opening 
and closing of the hook is carried out by the knitted loop without using additional knitting 
elements. Current practice is to arrange latch needles in the tricks or grooves of a needle 
bed, as is explained in greater detail below. 

Thus, latch needles have to be reciprocated between two fixed dead centres 
to form new knitted loops, and one complete oscillation of the needle is known as the 
knitting cycle. The reciprocating movement of the needles is achieved by moving a system 
of cams on the top surface of a needle bed. 

During the early stage of the backward needle movement, a yarn is laid across 
the opened needle hook area by a yarn feeding element (in flat bed knitting the yarn 
feeding element is called a yarn carrier). Shortly afterwards, the knitted loop on the needle 
stem forces the latch to rotate and close the hook due to its relative movement towards the 
hook. As the needle continues to move backwards the knitted loop moves on to the latch 
and then is cast off. 
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During the final stages of the backward needle movement, the yarn in the 
hook is pulled through the cast off knitted loop, thus forming the new knitted loop and 
converting, at the same time, the previous knitted loop into a stitch. 

Alternatively, compound needles may be used in place of the latch needles 
with the provision that the compound needle is not self-acting as described above and 
requires opening and closing during the loop formation cycle. 

The function of the needle bed is to hold and guide latch and needles. The 
needle beds are made out of high quality metal blocks, a representative prior art needle bed 
22 being shown in Figure 2. On one surface of the block 22 parallel grooves 24 of equal 
width are machined at equal distances. Latch needles are placed inside these grooves and 
moved mechanically between two dead centres. The grooves are commonly called needle 
tricks. The distance between two adjacent needle tricks is called the needle space (t). The 
needle tricks are wider at the top edge, where the needle hook is placed, to accommodate 
the somewhat bigger knitted loop. This edge also builds the knocking over edge (verge). 
The shape of the metal block depends on the type of the knitting machine. 

Flat bed knitting machines are typically equipped with two flat needle beds 
arranged in the form of a roof. The important parts of a flat needle bed are shown in 
Figure 3, which depicts a latch needle 30 in place in the groove of a needle bed 32. The 
wall 34 of the groove is shown in Figure 3, together with the needle security spring 36, 
needle cover band 38 and knock over jack 40. The needle cover band 38 maintains the 
knitting needles against the base of the needle bed 32. It also has a braking effect on the 
knitting needles and prevents them from springing back. 

The movement of the latch needles between two dead centres is technically 
realised by means of inclined metal planes. These operate at a defined distance above the 
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needle bed and act on the butts of latch needles. These inclined planes are called knitting 
cams and are usually fixed on to a cam plate. Figure 4 shows the knitting cams, 42, 44, 
46. Additionally, Figure 4 depicts a number of elements which are shared with Figures 1 
and 2: common numerals are used to denote such shared elements. 

The central cam 42 raises the knitting needles. The central cam 42 is also 
known as the raising cam in the art. The lowering or stitch cams 44, 46 lower the raised 
knitting needles and prevent the raising needles from overshooting. The stitch cam 44 (on 
the left hand side of Figure 4) lowers the knitting needles when the cam plate moves on 
the needle bed from right to left, as shown in Figure 4. Meanwhile the other lowering cam 
44 acts as a guiding cam. When the cam plate moves on the needle bed from left to right 
the raised knitting needles are then lowered by the right stitch cam 46. The two elements, 
the raising cam and the lowering or stitch cams, are employed in all types of knitting 
machines with latch needles, whether they be circular weft knitting machines or flat bed 
weft knitting machines, manual or automatic. In general the raising cam and the lowering 
cams form a track for the needle butt and is thus called the cam track. Only the needles 
whose butts fall into the cam track can participate in the knitting process. 

Prior art flat bed knitting machines are precisely engineered with two needle 
beds of hardened steel that are arranged in an inverted V-form. In the needle beds, 
needles are placed inside needle tricks (typically open rectangular grooves precisely cut 
with a tolerance of about +40um to accommodate needles with a tolerance of -40um on 
the top surface of the needle bed). This arrangement facilitates the movement of needles 
individually and linearly during the knitting process. The introduction of the needle-latch 
or closing element to open and close the needle hook area simplifies the stitch formation 
process. The combination of needle tricks and latch needles have paved the way for the 
creation of complex 3-D structures on these machines. 
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The three prerequisites for Ihe stitch formation process include the linear 
movement of the latch needle, Ihe control of the knitted loop during this movement and 
the delivery of yarn into the open needle hook. In order to move the needles 
independently, it is necessary that there is a mechanism for their selection. The 
mechanisms for needle movement (cam plate) and selection are included in a carnage that 
is reciprocated along the needle beds. The needle movement is achieved using cams and 
me needle selection mechanism(s) brings the butts of pre-defined needles into the track of 
the earns Currently, this is achieved via two techniques. On modern machines additional 
elements, called needle selection jacks, are positioned below the latch needle; needle beds 
with extended tricks are used in order to accommodate the selection jacks. One of the 
techniques is to press down the needle butt into the needle bed by using special cams 
shortly after fee needle has completed the knitting eyele. Such a needle will remain in this 
position until it is released by its selector jack and the needle butt will not come mto 
contact with the earn track; thus it will remain inactive and, therefore, cannot form a 
knitted loop. This is known generally as missing and will result in the creation of a float 
in the knitted structure. The second technique is to position the needle so that its butt is 
below the cam track soon after the completion of the knitting cycle, again using special 
cams in this position the needle will remain idle until its selector jack re-positions the 
needle so that its butt could follow the cam track. On modem electronic knitting machmes 
the selection mechanism is based on electro-magnetic methods, and the selection system 
has been integrated on to the cam system, ie, the electro-magnetic selection system is 
positioned in front ofthe knitting cam system. As a result the needles are selected always 
in advance to the cam system. 

Industrial flat-bed knitting machines are constructed with two needle beds 
that are arranged in the roof form. Latch needles are placed in grooves ofthe needle beds, 
and reciprocated between the two fixed dead centres by moving a system of cams on the 
top surface of each needle bed. The cam systems ofthe two needle beds are connected to 
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each other with a metal arm, called the bow, and the entire unit is known as the carriage, 
which describes a transverse reciprocating movement between the left and right hand ends 
of the needfe beds "during" Knitting. The yarn is guided to the needles with a yarn carrier, 
which is taken along by the bow of the moving carriage. As the yarn carrier traverses 
under the bow, the yarn path is maintained parallel to the top edges of needle beds. In flat 
bed knitting machines the yarns are guided to yarn carriers from the sides of the machine 
(needle beds), so that the yarn path is straight and to avoid interference from moving parts. 
At least one spring loaded cymbal tensioner is integrated into the yarn path in order to 
maintain the yarn under tension, and a return spring is fixed next to the yarn package in 
order to take the excess yarn back at the early stage of the carriage movement towards the 
yam guiding side of the needle beds. In some flat bed knitting machines additional take- 
back springs are provided at the side of the needle beds, in order to assist the yarn take 
back action. 

Ideally, in weft knitting the needles should have only one function, ie, to 
form stitches, but, in practice, in order to carry out the above function the knitting needles 
also must pull the required length of yam from the yarn package . The result is that the run- 
in yarn tension will be much higher than the yarn unwinding tension at the package, 
because the yarn has to overcome all the frictional drag along its patch. 

The schematic diagram in Figure 5 demonstrates the path of the yarn on a 
modem electronic flat-bed knitting machine, shown generally at 50. The knitting machine 
50 comprises a yam carrier 52 delivering yam 54 to a needle (not shown), yarn guides 56, 
58, 60, 62, 64, 66 yam take-back spring 68, a cymbal tensioner 70 and a yam package 72. 

A transverse reciprocating carriage takes the yam carrier 52 along with it and 
thus also influences the run-in-yarn tension; in fact, it causes the run-in-yarn tension to 
vary during the knitting of alternating courses, which is caused due to the unwinding of 
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unequal lengths of yarn from the yarn package depending on the direction of the carriage 
movement. Another important factor is the yarn velocity. At the beginning of knitting a 
new course, the carriage, which takes the yam carrier along with it, accelerates from zero 
velocity until it reaches its nominal knitting velocity, and at the opposite end of the needle 
bed, ie, shortly before the end of that course, it is decelerated and brought to rest. This 
results in a discontinuous yarn movement. 



In order to address the difficulties encountered with adequately delivering an 
amount of yarn during knitting operations, various positive yarn feed devices have been 
developed. The basic principle undeipinhing positive yarn feeding (delivery) is the 
delivery of a predetermined length of yam to the needles. The object is to ensure that each 
row of stitches formed by a given number of needles (called a course in knitting) will be 
of a constant length of yarn. The positive yam feeding was first employed in multi-feeder 
circular knitting machines. It should be noted that needle cylinders are used in conjunction 
with circular knitting machines, instead of flat needle beds. A needle cylinder is made 
from a hollow metal cylinder. On circular knitting machines the yarn is delivered to the 
needles at a constant velocity by using positive feed systems. The yarn delivery velocity 
is calculated prior to knitting using a simple equation: 

stitch length x the total number of needles = the length of the yarn to be delivered per 
machine revolution. 

The positive yam feeding devices are then adjusted to deliver this amount of yam to the 
needles per needle cylinder revolution. 

This simple method of yam delivery is not suitable for delivering yam on a 
flat-bed knitting machine due to the discontinuous yam movement. On a circular knitting 
machine the distance between yam feed wheel and the point at which the yam is delivered 
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to the needles is a constant. In contrast, in flat-bed knitting this distance varies according 
to the yarn carrier position, which in turn is defined by the carriage position, and, more 
precisely, by the position of the needle that is knitting. 



A positive yarn feed system for a flat-bed knitting machine which is intended, 
at least in part, to overcome these problems is described in Kennon et al (W R Kennon, T 
Dias and P Xie, J. Text. Inst., 2000, Part 3, 140). In this system, a positive yarn feed 
device having a servomotor is employed. Before knitting of a fabric panel commences, 
a personal computer (PC) is provided with CAD data containing information relevant to 
the knitting of the fabric panel to be produced, including details of the sketch length, the 
number of needles the knitting is to span and the required fabric structure. The PC 
communicates with a microprocessor which in turn controls the servomotor on the positive 
feed device in accordance with these data. The knitting machine described in Kennon et 
al is primarily an academic, proof of principle system, and suffers from a number of 
drawbacks which prevent practical usage for knitting items such as articles of clothing and 
patterned fabrics. Firstly, the delivery of yarn by the positive feed device can become 
erroneous if, as is often the case in practice, the knitting operation loses synchronisation 
with the pre-programmed knitting pattern. Secondly, the feed system of Kennon et al does 
not properly account for variations in factors such as the coefficient of friction of the yarn 
and run-in yarn tension. Thirdly, the feed system of Kennon et al is only capable of 
knitting a very simple fabric comprising rows of stitches of constant stitch length. The 
machine and methodology of Kennon et al is unable to knit a course with different 
patterning elements (such as stitches, tuck loops, etc). Clearly, this is a very major 
obstacle to practical, commercial usage. 

The present invention overcomes the aforesaid problems and disadvantages 
in the prior art, and provides improved knitting machines and methods of knitting. 
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According to a first aspect of the invention there is provided a knitting 
machine comprising: 

at least one knitting needle; 

at least one positive yarn feed device for feeding yarn to said at least one 
knitting needle; 

^emonitoringmeansforprovidinginformationrelatingtotireat^ 
knitting needle during the course of a knitting operation; and 

a controller for controltingthe operation of the positive yarn feed device; 

in which the controller is adapted to: receive information from the needle 
storing means during the course of a knitting operation; use said information to 

yam feed device so that the positive yam feed device feeds the desired amount of yarn to 
the knitting needle during the course of me knitting operation. 

Knitting machines of the present invention calculate the correct lengths of 
y am required for each patterning element, such as stitches, tuck loops, floats, etc., during 

Furthermore, complex fabrics can he knitted using me present invention, including patterns 
^^^M^^^*****"***** areVaried - 

speed may be varied. FurtherstiU, the yam tension may be accounted for so as to achieve 
constant stitch lengms and to compensate for variations in the yarn package and the 
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coefficient of friction of the yarn. A further benefit still is that knitting operations can be 
carried out under reduced tension conditions, permitting higher production speeds to be 
achieved without risk of yarn breakage. The present invention also enables fabric panels 
of same dimensions to be produced on a repetitive basis. Also, needle selection can be 
used to change the knitted structure and produce fabrics with different held loops or 
transfer loops. Latch needles or compound needles may be used. 

Another term for "positive yarn feed device", used in the art is "precision 
yarn feed device". For the avoidance of doubt, the present invention includes within its 
scope precision yarn feed devices for delivering a predetermined length of yarn. 

The needle monitoring means may provide needle selection data. In this way, 
the positive yarn feed device can be operated to deliver the precise amount of yarn required 
for a given patterning element, such as a stitch, tuck loop or a float and to remain in 
synchronisation with the needle(s) during the knitting process. 

The needle monitoring means may provide needle position data, and the 
controller may use said needle position data to control the positive yarn feed device. The 
needle position data may comprise a plurality of position signals, which may provide 
essentially continuous monitoring of needle position. Conveniently, needle position data 
may be provided by one or more yarn carriage position detectors. Encoder devices, 
especially linear encoders, are suitable for providing position data. 

The positive yarn feed device may comprise a servomotor which is controlled 
by the controller. 



The knitting machine may further comprise at least one stitch cam, in which 
the operation of the stitch cam is controlled by the controller during the course of a knitting 
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Sngtheco^ofa^ope^o, The stitch cam motor may comprise a stepper 
motor. The stitch cam motor may comprise a servomotor. 

The controller may control the operation of the stitch cam so as to produce 
Wttedl oopsofpred— ^ 

The knitting machine may former comprise fabric take down means, in which 
me operation of the fahric take down means is controlled by the controller during ;** 

down motor, and me operation of me & bric take down motor may be controlle by the 
.Llerduringtheconrseofakmtnngoperation. The fabric take down motor may 

comprise a servomotor. 

The controller may control the operation of the fabric take down means in 
accordance with the stitch length employed by the knitting machine. 

The knitting machine may further comprise tension measuring means for 
measuring the tension of yam fed to the at least one knitting needle; m which the yarn 

me controller utilises the measured yam tension to contro, the knittmg operate The 

adesired value, the stitcb cam migbt be lowered m order to compensate by mcreasmg the 
varntension. Conversely, ifthe yam tension is greater than a desire, value, me shtchcam 
might be raised in order to reduce yarn tension. 
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The controller may control the operation of the fabric take down means in 
accordance with the yarn tension measured by the tension measuring means. 

The controller may control the operation of the fabric take down means in 
accordance with the stitch length. 



as 



" "" The controller may control the operation ofthe fabric take down means so 
to control fabric take down tension. 

The controlling methodologies described above can be implemented in closed 
loop or open loop control modes. It is possible for all ofthe control methodologies to be 
implemented in closed loop, all ofthe control methodologies to be implemented in open 
loop, or for a mixture of closed and open loop control to be employed. 

The knitting machine may be a flat bed knitting machine. However, the 
present invention can be utilised also in conjunction with other types of knitting machines, 
such as circular knitting machines, in particular circular knitting machines with electronic 
needle selection. 

According to a second aspect ofthe invention there is provided a method of 
knitting comprising the step of: 

knitting a knitted structure with at least one yarn whilst supplying an amount 
of said yarn to at least one knitting needle using at least one positive feed device; 



the method further comprising the steps of: 
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providing information relating to the at least one knitting needle during the 
course of the knitting; 

using said information to calculate a desired amount of yarn to be fed to a 
knitting needle; and 

controlling the positive yarn feed device so that said device feeds the desired 
amount of yarn to the knitting needle during the course of the knitting. 

Needle selection data may be provided. 

The method may further comprise the step of controlling the operation of a 
stitch cam during the course of the knitting. The step of controlling the operation of the 
stitch cam may comprise controlling the operation of a stitch cam motor, which stitch cam 
motor varies the position of said stitch cam. 

The operation of the stitch cam may be controlled so as to produce knitted 
loops of predetermined characteristics, preferably a predetermined stitch length. This may 
be achieved at reduced yarn tension. 

The method may further comprise the step of controlling the operation of 
fabric take down means during the course of the knitting. The step of controlling the fabric 
take down means may comprise controlling the operation of a fabric take down motor. 

The operation of the fabric take down means may be controlled in accordance 
with the stitch length employed during the knitting. 
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The method may further comprise the step of measuring the tension of yarn 



fed to the at least one knitting needle, in which the measured yarn tension is utilised to 
control the knitting. The operation of the stitch cam may be controlled in accordance with 
the measured yarn tension. 

The operation of the fabric take down means may be controlled in accordance 
with the measured yarn tension. 



Embodiments of knitting machines and methods in accordance with the 
invention will now be described with reference to the accompanying drawings, in which:- 



The knitting may be performed on a flat bed knitting machine. 



The stitch length may be varied. 



Figure 1 



shows (a) a side view and (b) a magnified side view of 
a latch needle; 



Figure 2 



shows a fiat needle bed; 



Figure 3 



is a cross sectional view of a flat needle bed; 



Figure 4 



shows a knitting cam system; 



Figure 5 



shows the yarn path in a fiat bed knitting machine; 



Figure 6 



shows an embodiment of a flat bed knitting machine of 
the present invention; 
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Figure 7 is a schematic diagram of a control arrangement for 

controlling the knitting machine of Figure 6; 

Figure 8 is a schematic diagram to illustrate yarn carrier 

movement during the knitting process; 

Figure 9 shows the length of yarn delivered in relation to the yarn 

carrier position for the instances in which (a) the yarn 
carrier is moving from right to left and (b) the instance 
in which the yarn carrier is reversing; 

Figure 10 shows the basis of a mathematical model for yarn 

delivery from a positive feed device; and 

Figure 1 1 shows yarn tension build up in the knitting zone. 



Figure 6 shows an embodiment of a fiat bed knitting machine 80 for knitting 
a fabric from yarn 82 supplied to the machine 80. The yarn 82 is supplied from a yarn 
package (not shown) to a positive yarn feed device 84 which includes a positive feed drum 
86. The positive feed device 84 delivers a precise quantity of yarn 82 to a knitting needle 
88. The yarn 82 to the knitting needle 88 is delivered by a yarn carrier 90. The tension 
of the yarn fed to the knitting needle 88 from the positive feed device 84 is measured by 
tension measuring means 92. Also depicted in Figure 6 are the needle bed 94, stitch cams 
96, 98 and raising cam 100. The system for providing yarn from the yarn package to the 
positive feed device 84 and the tension measuring means 92 can utilise a number of prior 
art arrangements, such as those disclosed in Kennon et al, the contents of which are herein 
incorporated by reference. The positive feed device 84 preferably utilises a servomotor 
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to actuate the feeding of yam into the knitting machine 80. High speed servomotors such 
as brushless dc servomotors are particularly preferred. Further constructional details of 
suitable positive feed devices can be found in Kennon et at. 

Figure 7 depicts in schematic form a control arrangement for controlling the 
operation of the knitting machine 80 of Figure 6. Identical numerals are nsed to denote 
elements which are shared between Figures 6 and 7 . The control arrangement comprises 
a controller 102 which is linked to the positive feed device 84 so as to control the operahon 
of the positive feed device 84, in particular to control the precise amonnt of yarn which is 
delivered by the positive feed device 84. The controller 102 controls the positive feed 
device 84 in accordance with data provided to it by needle monitoring means 104 disposed 
on the knitting machine 80. These data are provided whilst the knitting operation is 
underway and are used by the controller 102 to calculate the correct amount of yarn which 
should be supplied by the positive feed device 84 for any given patterning element such 
as a stitch, a tuck loop or a float to be made during the knitting operation. In this way, the 
control system can operate "on the fly", reacting and adapting to operational variations as 
they occur during the knitting process. In preferred embodiments, the needle monitoring 
means 104 provides needle selection data: such digital data is provided by many modern 
electronic knitting machines, and the provision of such needle selection signals is well 
ta ownmmeart.However,meusetowUchme P resentinventionputstheneedleseiect.on 

signals is not known in the art. The controller 102 might comprise a computer, such as 
a personal computer, a microprocessor or any other suitable form of controlling device. 
Any suitable control protocol might be employed. Typically, control pulses are supplied 
to drive the motor on the positive feed device 84 in a controlled manner in order to deliver 
the calculated amount of yarn. The motor on the positive feed device 84 (which drives the 
feed drum 86) can operate in an open loop or closed loop manner, although preferably a 
closed loop servomotor is used. It is possible for the controller 102 to exist at different 
discrete locations; for example, the controller 102 might comprise a computer or 
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microprocessor which communicates with a microprocessor disposed in the positive feed 
device itself, with this latter microprocessor supplying pulses which actuate the motor of 
the positive feed device. 

In a preferred variant ofthe invention, the controller 102 also controls the 
stitchcams96,98. It is also possible to control febric take down means 106 ofthe knitting 
machine 80 using the controller 102. Both of these control methodologies - ofthe stitch 
camsandlhefMctakedown-canbeperfonn^ 

ofthe yam, these data being supplied as the controller 102 from the tension sensing means 
92. Control methodologies will now be described in more detail below. 

The control ofthe yam, delivered by the positive feed device, afforded by the 
present invention permits the correct amonnt of yam to be fed for any given stitch or other 
patterning element during the course of a knitting operation. 

The concept has the following advantages: 

the same length of yam can be delivered for each needle; 

the length of yarn delivered could be varied for each needle, which would 
aUow a greater knit design flexibility, such as creating areas with stitches of different sizes 
within a knitted stmcture, integrating tuck loops and floats within a row of stitches etc. 

The practical realisation ofthe above provided by the present invention 
involves a control theory which is set forth below. In modem electronic flat bed knitting 
. machines, the yam carriers are parked outside the needle area, this being done in order to 
improve the accessibility ofthe yarn carriers to machine operators. The yam earner 
parking positions X are shown in Figure 8. If, for example, it is desired to kmt a 
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, ^ * fivpd number of needles (say 300 

-Id ^ ™ : X — on «ne same 300 

needles over anu-nberf^^ ^ ^ ^e, thU would retire 500 callage 
carxiagemovementwonldereateac^^ 5otimesftoffileftto 

„ the ^dle of the needle bed. ^ CAD ^ ^ ^ fc 

— — — :::r,^i si ° : - * - - - - — «• 

position the knitting area on the lelt nana 
which is not the standard practice. 

• • fthe knitting process the carriage will move to the right 
At the beginning of the Knittmgpi^ 

AtmeDcgn s towards the left 

^sideofthemachin e^-^^^^lCZ.^.aeMeve 

fluswouldresultinyambreakage.Eleetromet „ VR form es a fixed number of 

*. „ ™-ec ision rectangular wave form, eg, a 
toearencoders.wbrehgenerateaprec.s.onr gu 

puls es of ree.angu.ar shape are genem^ « ^ ^ ^ 

Generally, a Unear encoder ts provmed for ach need 

at any given tune can be detenmned ^ ^ 

by &e positive feed dev.ce, ^d wd, be retoed ^ ^ 

> „f +1^ positive feed device which drives me y<u 
servomotor of the pos.t ve ydrivtogtUe servomotor in stepper 

. synohromsedtothestgnalPS. Thtscanb r shaft is ^ed by a 

emulator mode. For each positive pulse of me PS the servo 
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number of degrees; the number of degrees would depend on the circumference of the feed 
wheel and the length of yam that needs to be delivered. The positive feed device controller 
generates and transmits a stream of electronic pulses to the servo" motor control unit. Until 
the carriage has reached the position l k i the servomotor is driven to deliver a yarn length 
a c (Figure 8). 

Figure 9 can be used to calculate the length of yarn that needs to be delivered 
by the positive feed device when the yarn carrier moves between the two neighbouring 
needles N, and N 2 . In the first case (Figure 9a) the positive feed device has to deliver a 
total length of yarn L T which is given by: 

Lt = Lsl,f + L S L >B +t (1) 

Where L SL)F is the stitch length to be formed by a needle on the front needle 

bed; 

Lsl,b is the stitch length to be formed by a needle on the back needle bed; and 
t is the distance between two neighbouring needles (pitch). 

On the other hand the yarn carrier is moving from left to right (Figure 9b), 
the positive feed device has to deliver a total length of yarn Lt given by: 

Lt = L S l,f + L SLB -t (2) 

The justification for these statements is that when the yarn carrier is moved 
from Ni to N 2 the positive feed device has to deliver the length of yarn that is required to 
form a stitch (stitch length) and also the length of yarn t, and this length t is already 
available for stitch formation when the yarn carrier is moving from N 2 to N,. 
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The positive feed device controller calculates the number of pulses required 
for the positive feed device servomotor to deliver the correct length of yam according to 
equations 1 or 2, and transmits the pulses to the servomotor controller.- Whether the- 
needles N, and * are going to knit will depend on the pattern information, which is 
available at the needle selection unit. If a needle is not going to knit (miss position) then 
a zero value is substituted for 1^ in the equations 1 and 2, Therefore, yam is delivered 
according to the needle selection signals. 

It should be noted that the hardware utilised generally comprises a memory 
buffer Typically, the needles are selected in advance on the knitting machine (a 
representative figure being 18 needles in advance). It is convenient to calculate the 
number of servomotor control pulses in advance as well as using die needle selection data. 
Advantageonsly, these control pulse values are stored on a FIFO (First In First Out) 
memory buffer. 

A mathematical model for yarn delivery from the positive feed device is 
presented below with reference to Figure 10. The following notation is used: 



mgo 


initial weight of yarn 


A 


cross sectional area of yarn 


P 


linear density of yarn 


g 


acceleration due to gravity 


mg 


weight of yarn mass between A and B 


At 


small duration of time 


Strain ab 


strain in AB 


Strain TC = 


strain in TC 


L 


straight line distance between A and B 


Iab 


yarn length between A and B 
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The initial yarn mass between A and B is given by mg 0 - 2Apg 



is 



" In delivering yarn using the positive feed device, when the carrier traverse 
away from the yarn delivery system, the yarn delivered per each trick distance movement 
is equal to the trick distance plus the stitch length. 

m delivery the positive feed device, when the carrier traverse is towards the 
yarn delivery system, the yarn delivered per each trick distance movement is equal to the 
stitch length minus the trick distance. 

Dynamic yarn mass and length AB between the carrier and the yarn delivery 
system when yarn delivery is done using the positive feed device is defined as 

{ Stitch velocity x Mx. Apg) 
mg=rng(j + (lStitchvelocity±Carrier velocity)* Mx Apg)- i+ st rain TC 



mg(l+ Strain AB ) 
1ab= pAg 



w 

L= I AR ~ ml 



2 ,U !k 2 I 



AB 1 AB 



AB 



24 + Pi 8Atanh0.5A/^ B 16sinh 2 05A2 AB 




Where X is written for v ° 
Run-in-yarn tension is given by the following equation 
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5x 

T = T e 

■*■ run-in-yarn AB 



" x "6 



The physical reasons for the occurrence of stitch length variation will 
now be discussed. It is known from the research of Doyle, Munden and Knapton (Doyle, 
P J, 1953, J.Text. Inst, 44, 561; Knapton, J J F and Munden, D L, 1966, Text. Res. J., 36, 
1072 and 1081; Munden, D L, 1959, J. Text. Inst, 5_0_, 448) that the linear dimensions of 
a knitted structure are determined by the stitch length and that all other variables influence 
the dimensions only by changing the stitch length. The stitch length of a knitted fabric can 
be influenced only during the stitch formation process. The standard method of altering 
the stitch length of a fabric on a flat bed knitting machine is by adjusting the position of 
the lowering cams, ie, by varying the knocking over depth of the needles. Unfortunately 
other processing parameters such as the run-in yarn tension (the tension of the yarn just 
before its being supplied to the first needle of the knitting zone), yarn friction and fabric 
take down also influence the size of the stitches formed. Previous research indicates that 
in the knitting zone, as the yarn comes into contact with the knitting elements, its tension 
builds up continuously until a maximum value is reached. 

Assuming that this tension build up obeys Euler's capstan equation of yarn 
friction, the tension in the trailing leg of the knitted loop that is being formed can be 
expressed mathematically as 

Tkpo ~ T run -in et ' 0 (1) 

where: 

Two is me yam. tension in the trailing leg of the knitted loop (see Figure 1 1); 
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Tkp1 is the yarn tension in the leading leg of the knitted loop (see Figure 11); 

T is the run-in yarn tension; 

i run-in 

is the mean coefficient of friction between the yarn and the knitting 
elements; and 

9 is the sum of the angles of wrap in radians between the yarn and the knitting 
elements which are in contact with the yarn. 

Theoretically, the needles must pull the required length of yarn from the yarn 
package in order to form knitted loops, but during the final phase of the knitted loop 
formation the yarn can also move from the knitted loop on a needle that has already 
completed its knitting cycle, ie, a leading needle. This phenomenon, known as "robbing 
back", was first suggested by Knapton and Munden and also influences the stitch length. 
This flow of yarn from an already formed knitted loop would depend on the magnitude of 
yarn tension components T KPO and Tbi , ie, if the yarn tension in the lagging le&£ 
exceeds the tension in the leading leg Tkp1 then yarn would flow from the previously 
knitted loop rather than from the yam package. Another factor to be considered is the 
extension of the yarn due to its tension during knitting. In fact it has been demonstrated 
that one has to expect average yarn tension values up to 1 50 cN during stitch formation. . 
It is also reported that short term yam tension peaks in the order of 600 - 1 000 cN are not 
unknown. It is reasonable to assume that any yam will elongate when it is under tension, 
and therefore reasonable to assume that during the formation of the binding elements 
(stitches, knitted loops and truck loops) the yarn would elongate and secondly that the 
major component of this extension would be elastic. After the formation of the binding 
elements the yam tension would be reduced, and this would cause the knitted yam to relax. 
Thus, the stitches formed would be shorter in length than the nominal stitch length, with 
the difference depending on the degree of elastic extension of the yam during the knitting 
process. 
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Th^ctorswMohinfluence.heya.ntensioncanbeexplainedas follows. Due 
; rlheso r other patte^ng^s). On the other hand the positively dnven 
. -demand and delivery" si— in W hieh three scenarios ean be rdentrfied. 



1. 

2. 
3. 



demand= delivery the yarn tension will be near zero; 

*■ y** tension wiU be slack 311(1 can 

with the carriage movement; 
demand > delivery the yarn tension will increase. 

demonstrated afcovemetens^ 

feed wheel. 

Tfce present invention provides a number of control models which are 

eo^t of these physica, phenomena. Firsuy, as described above, 

u>giu*« . , ot k er patterning 

device is controlled to deliver me yarn reqnned to form a strtch to 

ement) of a predetermined length. Tins can be regarded as the mam control loop The 

Ityl delivered; mis is possible by a second contro, loop in which the posrUon of the 
iCi eontr Hed. F or e^e, if - y^ tension goes slac^ me sntch cam c» be 
X^-.*"-^-^-*- * -nverseiy.ifthetension.stoolugh, 

nimaylbeadvisabletocarry this operation out foreach stitch as ,, may result m 
^ " an uneven appcance. Therefore, this operation may be «* out more 
Sli suchaswhenmesti.ehlengmischangeaanddurmg^ttmgmantnte^ 

«L P s over several needle, SitnUarly, * a third control the fcbrrc - 
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■^i-e««^— indicates a_ . 

measurement 01 ^ tQ uge ^ 

commo! - knit with undyed yam - ton dye to — frbnc, wfcch - 

„ Thn, it is advantageous tot fabrics can be knitted conveniently 
unsatisfactory approach. Thus, it is aavanragco 

with dyed yarns using the present invention. 

It should be noted that in practice, knitting machines generally comprise a 
plurality of cam systems and a plurality of needle beds. Tbus, there are several need* 

mA then separately for the two needle beds, eg, for a 3 system machine^ .ere . « 
Cerent selection signals. The calculated yam leng* can be ^^^Z 

be used to determine when a positive yam feed device should begin to deliver yarn. 

d.eeatriage) The signals used to operate to yarn carrier selection can also be employed 
Z « with a separate yarn which can be controlled using separate post ve 
ZaLeusedtos.rtoperationoftocorrectpositiveyarnfeeddevice.Attheendof 
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knitting a course, the yarn carrier is dropped off by the carriage, and this action stops the 
operation of the corresponding positive yarn feed device. 



